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References 6 Tables  6   Figures  8 iii Research is conducted at the Joint Actinide Shock Physics Experimental Facility (JASPER) on the effects of high pressure and temperature environments on plutonium-239, in support of the stockpile stewardship program. Once an experiment has been completed, it is necessary to transport the end products for interim storage or final disposition. Federal shipping regulations for nonexclusive use transportation require that no more than 180 grams of fissile material are present in at least 360 kilograms of contiguous non-fissile material. To evaluate the conservatism of these regulatory requirements, a worst-case scenario of 180g 239 Pu and a more realistic scenario of 100g 239 Pu were modeled using one of Lawrence Livermore National Laboratory's Monte Carlo transport codes known as COG 10. The geometry consisted of 239 Pu spheres homogenously mixed with highdensity polyethylene surrounded by a cube of either stainless steel 304 or aluminum. An optimized geometry for both cube materials and hydrogen-to-fissile isotope (H/X) ratio were determined for a single unit. Infinite and finite 3D arrays of these optimized units were then simulated to determine if the systems would exceed criticality. Completion of these simulations showed that the optimal H/X ratio for the most reactive units ranged from 800 to 1600. A single unit of either cube type for either scenario would not reach criticality. An infinite array was determined to reach criticality only for the 180g case. The offsetting of spheres in their respective cubes was also considered and showed a considerable decrease in the number of close-packed units needed to reach criticality.
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These results call into question the current regulations for fissile material transport, which under certain circumstances may not be sufficient in preventing the development of a critical system.
However, a conservative, theoretical approach was taken in all assumptions and such idealized configurations may not be likely to be encountered in actual packaging, transportation, and storage configurations. Modeling of realistic, as-built configurations is beyond the scope of this study.
INTRODUCTION
The Joint Actinide Shock Physics Experimental Research Facility (JASPER) is a two stage light gas gun which studies the effects of high pressure and temperature environments on various heavy metals, such as plutonium-239 in order to support the stockpile stewardship program. As a result of these efforts, waste products are created and must be transported off-site for disposal.
Since 239 Pu is a fissile isotope it has the potential, given the wrong geometry, moderation, reflection, and spacing, to reach criticality. Such a configuration would be extremely hazardous for the public and for the workers transporting this material, as well as provide for an expensive environmental 
MATERIALS AND METHODS
All simulations were performed using Lawrence Livermore National Laboratory's Monte The geometry selected for simulation was intentionally chosen to both resemble an actual shipping container used for radiological waste transport, and to have a worst-case scenario configuration that would be the most likely to cause criticality. Two separate given quantities of plutonium-239 were modeled in homogeneous mixture with high-density polyethylene in the shape of a sphere. One case consisted of 180g Pu-239, while the other consisted of only 100g Pu-239.
This sphere, for a majority of the cases run, was centered in a solid cube of either aluminum (Al) or stainless steel 304 (SS 304). Both materials were selected for modeling, as both can be the main constituents of a typical package assembly. Refer to Figure 5 for a generic COG-generated cross section view of the assembly.
Initial calculations consisted of determining an optimum H/X (hydrogen to fissile isotope concentration) ratio for the maximum allowed amount of fissile isotope in a package. This would provide for the most reactive configuration, and thus the most probable for self-induced criticality.
This exercise also determined if a single unit would be critical. The optimized unit was then set in an infinite array, as a precursor to individual finite array simulations. If an infinite array was subcritical in which no neutron leakage was present, then a finite array in which considerable neutron leakage was present would never go critical. Finite arrays consisting of 2, 4, 8, and 27 units were then simulated for the potentiality of stacking units during transport. Finally, the spheres of 239 Pu and polyethylene in the finite arrays were offset to their nearest neighbors, rather than centered in their individual cubic containers.
Determination of the safety or hazard of a given unit configuration was based on the calculation of k-effective. This is the ratio of the number of neutrons in the present generation of activity to the number of neutrons in the previous generation of activity. This value indicates the rate of increasing or decreasing neutron population in a given system, and thus its emission of neutrons to the surrounding environment. A critical system is defined in which k-effective is equal to 1, that is, the rate of neutron production equals the rate of loss. Such a system is unfavorable as it presents a serious radiation danger to anyone around it. 
RESULTS
The rise to maximum reactivity for a sphere of 180g 239 Pu and high-density polyethylene (HDPE) is shown in Figure 1 . Initially, only small incremental amounts of HDPE are required to greatly increase k eff for the unit. The maximum occurs when the H/X ratio is approximately 1022, after which the reactivity decreases linearly. The data collected for this optimized unit is shown in Table 4 . Much fewer units were required to reach criticality. The four unit and eight unit SS 304 contained offset finite arrays and the eight unit Al contained offset finite array were considered for separation analysis.
The 100g 239 Pu and HDPE spheres were then analyzed. finite arrays were modeled with the optimized units. The data collected from these simulations can be found in Table 5 . The 8 unit SS 304 contained offset finite array was considered for separation analysis.
Separation analysis consisted of incrementally moving the offset spheres away from an "incontact" configuration, to determine the threshold distance at which they would sub-critical. 
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